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SFOREWORD

The general authorization for this investigation is contained in

Research and Development Project 1TO62013AO46 (Task 05), "Traffic-

ability and Mobility Research." The investigation was performed under

sponsorship of the Research, Development and Engineering Directorate,

U. S. Army Materiel Command. Also participating in the investigation

by making arrangements for and scheduling of aircraft and operating per-

sonnel was the U. S. Army Aeromedical Research Laboratory (ARL), Ft.

Rucker, Ala.

The data reported herein were obtained during September and Oct-

ober 1971 by personnel of the U. S. Army Engineer Waterways Experiment

Station (WES) Soils and Pavements laboratory under the general super-

vision of Messrs. J. P. Sale and W. L. Mclnnis, and under the direct

supervision of Mr. G. W. Leese. Personnel of the ARL assisting WES

were under the command of COL R. W. Bailey and under the direct super-

vision of COL W. P. Shane and CPT G. R. McCahan, Jr. This report was

prepared by Messrs. G. W. Leese and J. T. Knight, Jr.

Special acknowledgment is made to the U. S. Army Aviation Test

Board of Ft. Rucker, Ala., for supplying the aircraft and operating per-

sonnel needed during this investigation.

Directors of WES during the conduct of this investigation and the

preparation and publication of this report were BG E. D. Peixotto, CE,

and COL G. H. Hilt, CE. Technical Director was Mr. F. R. Brown.
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CONVERSION FACTORS, BRITISH TO METRIC UNITS OF MEASUREMENT

British units of measurement used in this report can be converted to

metric units as follows:

MultiDly B To Obtain

inches 2.54 centimeters

feet 0.3048 meters .-

square feet 0.092903 square meters

pounds (mass) 0.4535924 kilograms

pounds (force) 4.448222 newtons

pounds (mass) per square foot 4.882428 kilograms per square meter

pounds (force) per square foot 47.88026 newtons per square meter

miles per hour (U. S. statute) 1.609344 kilometers per hour
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SUMMARY

P: This data report describes an investigation involving measurement
of horizontal velocities, along and up to 6 ft above the ground surface,
generated by the rotor systems of various Army helicopters during take-
off, hover, and fly-by operations.

Measurements of ground-wash velocities during various operational
modes were collected for OH-58A, oH-6A, AH-lG, UH-lH, UH-lM, cH-47, and
CH-54_helicopters.

These data are presented for record only with analyses being
beyond the scope of this report.
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HELICOPTER DOWI�WASH DATA

PART I: INTRODUCTION

I,
Background

1. The gradual increase in size and load-carrying capacity o:f�

the helicopter has created a need for predicting the effect of the

rotor downwash on the ground surface, supporting equipment, cargo con-

tainers, operating personnel, and expedient surfacing materials. To

fully define the ground-wash flow field, velocity measurements are needed

under helicopters of various sizes and gross weights. From these flow-

field characteristics, design parameters can be established to provide

landing and takeoff operational areas for helicopters and to assist in

predicting the flow-field characteristics of the larger and heavier

helicopters of the future.I
Pur:pose

2. The purpose of this investigation was to measure rotor down-

wash horizontal velocities along and up to 6 ft* above the ground sur-
Iface generated by various Arn�j helicopters during takeoff, hover, and

fly-by operations.

copter3 * Tests were conducted atS���cker, Ala., �

and at Apalachicola, Fla., utilizing

over an array of

manner as to obtain ground-wash flow-field velocities produced by the

* A table of factors for converting British units of measurement to
metric units is presented on page vii.
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aircraft rotor systems during various modes of operabion. Tabulations

of the data obtained were made for each velocity measuring station.

Analysis of the data was beyond the scope of this investigation.
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PART II: INSTRUMENTATION AND AIRCRAFT

Instrumentation

I4. The instrumentation array consisted of a number of wind-

velocity pickups placed along and above a gage line so as to sense the
ground-wash velocities along and up to 6 ft above the ground surface

that were generated by the helicopter's rotor system.

Velocity sensors

5. The wind-velocity sensors were fabricated at the U. S. Az.my

44 Engineer Waterways Experiment Station (WES) by fitting small induction
generators with 4-in.-diam propellers (fig. 1) and exciting the gener-

ators with 26-volt, 400-Hz current. The output of the generators was

S549-559

Fig. 1. Velocity sensor*1 proportional to their rpm's; and by passing this output through a recti-
fying bridge, it could be recorded using an oscillograph.

6. Tests in the WES Surface Blast Effects Research facility wind

tunnel proved the velocity sensors and their electrical circuitry to be

accurate and reliable. Calibration curves were established for each

sensor before the field tests; wind tunnel tests after the field tests

indicated satisfactory performance and accuracy of the sensors.

3 4
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Tnstrumented est areas

7. The test area at Apalachicola consisted of a concrete- surfaced

aircraft parking area; the test area at Ft. Rucker was on a section of

runway. Test procedures and instrumentation layout were the same at

both locations. Velocity sensors were placed on the ground surface

along a straight line; horizontal spacing between the sensors was 10 ft

as shown in fig. 2.

52 if44  -36 2e 20 -F1

ViPTICAL A9AMIS 51 ý[35 '27 19 9 0 !L OC T Y SINSaQS

j5 42 ~34 26 /a8

48 t40 I 32 24 16 16
-c.---~~~; Ro .~r~. ~ 6OUND SUPFACE

54 1 4639 38 3/ .30 23 22 15 14 13 /Z ; '43 2

Fig. 2. Layout of velocity sensors

Along this same line., sensors were also mounted on-vertical frames to

obtain horizontal ground-wash velocities at 1-ft vertical intervals up

to a height of 6 ft above the ground surface. Fig. 3 shows a c-lose-up
of the velocity sensors, and fig. 4 shows a complete vertical array.

Fig. 5 is a ground view of the test site at Apalachicola, while fig. 6
is an aerial view of the same test area.

Aircraft

8. The helicopters utilized in this study were the OH-58A, oH-6A.,

AH-1G, UH-lH,, UH-lM, cH-47, and CH-511. Pertinent aircraft data are

given in the following tabulation:

Heli- Rotor Disc Weight, lb
copter Diam Area Maximum Maximum
Typ No. ft sqf Load, Rsf Basic Tested

OH-58A 1 35.33 91,0 3.26 ,710 3,200
oH-6A 1 26.3 543 3.31 1,,163 1,800
AH-IG 1 44 1520 6.25 5,676 9.,500
UH-1H 1 48.1 'L817 5.22 4,717 95000
UH-IM 1 44.3 1541 6.16 5,,080 9,000
CH-47 2 59.1 5486 6.56 18s,023 36.,000
CH-54 1 72 4071 11.54 19,825 47,,000

4
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Fig. 3 Close-up of velocity sensors I

5

_____ 1:
t 

-�

-.9 
-------

� I -�



43

~4

~ Na

V4

A J14



414

Lrx

7-7-7 - 1-



fi -' A

4-A

- 4-

ITC

U/

*W

4P'



PART III: TESTS AND DATA

Test Procedure

9. The test plan was to measure th,, ground-wash horizontal veloc-

ities produced by as many different aircraft as could be made available.

In order to obtain complete velocity ground-wash flow patterns, the sen-

sors were monitored as the aircraft maintained a constant elevation

above a point along the sensor line while the aircraft rotated about the

rotor hub. Data were recorded for 30-deg increments of aircraft rota-

tion where possible. Aircraft heading is referenced to the gage line

with 0 dog being where the nose of the aircraft was pointing down the

gage line; rotation was to the pilot's right (clockwise). The heights

of' the aircraft are referenced to the rotor actuator plane, hereafter

referred to as the rotor.

Data

OH-58A helicopter

10. Lift-off tests. Tests were made with the OH-58A during simu-

lated lift-offs. To accomplish this the aircraft was flown with the

landing gear just clear of the ground so as to ensure total weight on

the rotor. This procedure was used to reduce both aircraft flight time

and pilot fatigue. Velocity data were recorded at each 30-deg rotation

of the aircraft. These data are shown in table 1.

11. Hover tests. Tests were also run with the OH-58A hovering

over a point on the gage line at a height of 35 ft above the ground

surface. Data recordings were made as the aircraft rotated in 90-deg

increments. These data are shown in table 2. The aircraft was also

hovered over the given point at a height of 13 ft above the surface with

data recordings being made at each 30 deg of aircraft rotation. Data

for these tests are also shown in table 2.

12. Fly-by tests. Tests were also made with the OH-58A flying

over a given point and perpendicular to the gage line with two passes

9
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being made at heights of 16 and 21 ft; one pass was made at each height

on a 90-deg heading (gage line to pilot's left) and one pass at each

height on a 270-deg heading (gage line to pilot's right). The data

obtained are shown in table 3.

OH-6A helicopter

13. Lift-off tests. Tests were made with the OH-6A during simu-

lated lift-offs, and data were recorded at helicopter rotations of 30-

deg increments. These data are shown in table 4.
14. Hover tests. Tests were conducted with the helicopter hover-

ing 34 ft above a given point on the gage line. Data were recorded at

each 90-deg increment of rotation. No appreciable velocity was re-

corded at this test condition as can be seen in table 5.

15. Fly-by tests. Tests were conducted as the OH-6A flew over a

given point on the gage line and perpendicular to it at a rotor height

of 14 ft above the surface. Velocity sensors indicated area coverage
of downwash was relatively small as can be seen in table 6.

AH-lG helicopter

16. Lift-off tests. Tests were made with the AH-lG positioned

with the rotor hub over a given point on the gage line. Recordings of

ground-wash velocities were made as the skids cleared the pavement.

These data are shown in table 7.
17. Hover tests. Tests with the AH-IG hovering over a given

point on the gage line were made with the rotor 44 ft above the ground

surface. As the aircraft rotated over this point, data were recorded

for various headings as shown in table 8.

18. Fly-by tests. In the fly-by tests data were recorded as the

helicopter flew slowly over the specified point on the gage line at a

. rotor height of 22 ft. These data are shown in table 9.
UH-lH helicopter

19. Lift-off tests. Tests were made with the UH-lH positioned

on a given point on the gage line. Recordings of the grotmd-Wsh veloc-
ities were made Just as the aircraft cleared! the pavement, duplicating

lift-off conditions. These data are shown in table 10.
20. Hover tests. No hover tests were conducted- with- -the UH-1HII

. .-10-
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as its flying time available for these tests was limited because of its

special flight mission assignment.

21. Fly-by tests. Data for the fly-by tests were obtained as the

UH-lH flew over a given point on the gage line at a rotor height of 20

ft above the ground surface. These data are shown in table 11.

UH-1M helicopter
22. Lift-off tests. Tests were made with the UH-IM by placing

its rotor hub over a given point on the gage line and recording velocity

data as the aircraft's skids cleared the paved surface, duplicating

lift-off. The aircraft rotated in 30-deg increments, repeating the

lift-off operation until fufl rotation was achieved. Data obtained are

shown in table 12.

23. Hover tests. Tests were made with the UH-lM hovering over a

given point on the gage line at rotor heights of 4h and 66 ft above the

paved surface. Data were recorded at 90,deg rotation increments. These

data are shown in table 13.

24. Fly-by tests. No fly-by tests were made with the UH-IM be-

caise of the limited time available.

CH-47 helicopter
25. Lift-off tests. Tests were made with the CH-47 positioned

so that a point equidistant between its rotor hubs was over a given

point on the gage line. Data were recorded as the aircraft lifted off

the pavement. The aircraft was rotated in 90-deg increments for each

succeeding test and the data obtained are shown in table 14. j
26. Hover tests. Tests were conducted with the CH-47 hovering

at rotor heights of 50 and 90 ft above the pavement and centered over a V
given point above the gage lne. Data were recorded as the aircraft

rotated in 30-deg increments and are shown in table 15.
27. Fly-by tests. Fly-by tests were not made because of the

limited size of the test area and large size of the CH-47.

CH-54 helicopter

28. Tests were made utilizing the CH-54 helicopter at Ft. Rucker, -a

Ala. The instrumentation layout was the same as described previously

herein for the tests at the Apalachicola test site. The weights of the

g ta¾ ,,a- kgfa P .*'-'~
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CH-54 aircraft, which varied dui-ing the test series because of fuel con-

sumption, are shown in the data tables.

29. Lift-off tests. Lift-off tests wiere simulated by hovering

the aircraft Just off the runway surface, then lifting it upward and

rotating 30 deg into position for the next test. This procedure was

selected by the pilot of the aircraft so as to reduce flying time and

pilot fatigue. Two series of lift-off tests were made at gross weights

of 29,400 and 39,800 lb. Lift-off tests could not be conducted for the

47,000-lb maximum gross weight condition because the cargo load extended

below the aircraft about 15 ft. The lift-off velocity data obtained

are shown in table 16.

30. Hover tests. Three series of tests were made with the CH-54

hovering 40 ft above a given point on the gage line, the variable in the

tests being-the gross weights, which were 28,600, 38,000, and 47,000 lb.

During each series the aircraft was rotated in 30-deg increments. Data

obtained are presented in table 17.

31. Other test series were run with the CH-5 4 hovering 80 ft

over a given point on the gage line. Aircraft gross weights for these

tests were 27,400, 38,000, and 45,000 lb. Data for this series of tests

are given in table 18.

32. Fly-by tests. A total of six fly-by tests were made with

the CH-54 flying over a given point on the gage line. The aircraft was

j flown at a slow, steady speed with the rotor 28 ft above the ground sur-

face. Gross aircraft weights were 27,400, 38,000. and 45,000 lb. Data

for the fly-by tests are shown in table 19.

* 12
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Table 1

Downwash Velocities, OH-58A Lift-Oft Tests

A Helicopter Gross Weight, 3000 lb; Disc Load, 3.26 pat;

Rotor Height Above Grounmd, 10 ft

Horizontal Velocity Point Doiinwash Velocities. r sh*a ndicated Heaings.de

Rotor Hub(s), ft Ground, ft ~ ~ dgdg ~ dg~ 4 e e

20 0.3 39 38 41. 39 30 1 22 23 36 37 38 38

30 0.3 47 43 43 4547 3 2 45 42 45 44
1.0 43 43 4o042 42 43 51 39 42 41 4143
2.0 40 36 36 39 22 44 48 41 43 44 44 40
3.0 29 12 10 13 22 34 29 24 26 29 28 22
4.0 18-------------------20 10 20 17 18 20 10
5.0---------------1 5 - -- 5 -- 6 --
6.0----4---------------------1

40 0.3 26 38 3537 423837 43 42 45 42 40

50 0.3 19 19 19 21 23 25 18 20 22 23 21 15
1.0 36 41 331 38 4o 45 31 30 37 38 34 18
2.0 24 16 18 15 21 29 21 15 21 20 20 20
3.0 241920 1218 37 18 1418 - 21 18
4.0 9 7 4 5 23 4 5 6 - 7 77
5.0 8-----------2 -- -- 2 6 8 -- --

6.0------------------20

70 0.3 23 242P323 2628 1418 U. 2624 23
1.0 18 19 15 18 20 24 9 16 19 16 18 15
2.0 17 18 13 14 1.8 25 9 18 1.7 20 3.510
3.0 20 14 16 41 L8 35 10 10 19 21 22 17
4.0 9 8 -- 1223 4 9 9 8 6
5.u 7-----------5 23 8 9 5 6
6.o 4 4 -- 17----------7 -- 7

80 0.3 9 9 8 10 1315 2 -9 11 1312311

90 0.3 15 1013 15 1820 3 121316 15 12
1.0
2.0 19 16 18 19 21 28 5 13 7 23 17 19
3.0 8 10 11 10 13 19 -- 8 10 14 11 10 1
4.0 8 8 610o15 6 61010lo6
5.0 3----------------15---------------3 -- --

6.o 8 6 8 7 7 7 2 4 5 9 5 6
100 0.3 U1 9 9 1214 18 3 9 1116 12 9j

100.3 10 13 12 12 16 18 3 17 11 15 11
1.0 20 14 14 17 18 24 6 12 14 18 18 14
2.0 15 15 15 16 17 20 5 15 1.2 18 16 8
3.0 18 16 18 20 20 31. 8 16 17 20 18 17
4.0------------------10
5.0
6.0 14 ll, l0 u 13 20 4 .0 10 1-1-4

130 0.3 11 12 11 U 14 17 6 l0 10 15 13-

140 0.3 6 4 4 8 9 12- 4 -- 8 7-

Z150 0.3 - - 6 6 6 8---------6 - -
1.0 2- 4 4 6 8---------4 4-
2.0--------------7 4---------6 6-
3.0 8 613 13 1113 3 1511 9-
4.0 1511 1513 1421 5 3 17 16142
5.0 7 610o 9 14 19- 2 5 1211--
6.0 12 8 121115 19 7 5 14 .13 5

1.6 03 6 -- 6 6 810------------

M eaing of 'heliopter, noe- relative to line of uaeawuwnt-points. Helicopter at heading of zero
degree faces anl measurement points..

V zVW
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Table C

Dovnvaah Velocitiec, CH-58A Hover 'feats

Heliconter Gross Weight, 3200 ib; Disc Load, 3.26 pat;
Rotor Height Above Ground, 35 and 13 ft

Dowmuash Velocities, mph, at Indicated Rotor Heights
Horiontl Vlociy PintAbove Ground, ft. and Headinas. deg*

Distance from Hei0ht Above 30 60 90 120 1-50J 10 21024 27 30 30
Rotor Hub(s), ft Ground, ft ~~dg4

200.3 33 51 42 49 49 44 51 50 54 56 49 49 50 55 51 45
30 0.3 34 44 40 34 45 54 45 51 54 54 44 48 50 47 46 50

1.0 28 33 29 32 37 39 43 40 38 39 39 30 31 39 39 39
2.0 3533 30225 28 31 393631 43-45 20 2634 33 36
3.0 17 15 17 6 8 5 15 14 1628 31 5 5 13 8 12
4.0 17 13 23-- 18 - 6 5 21 29 40 -- 5 7 9 7
5.0 11 5 15 -- 10------------10 25 29
6.0--- ---------------- 5-------------6 16 16

40 0.3 37 34 35 30 32 25 35 37 37 31 26 34 33 40 38 43

50 0.3 1317 1515 18 1217 1717 ---- 81116 -- 26
1.0 2427 2221 26 2233 23 24--- 12 20 2412 22
2.0 14 2013 13 13 1420 1515- 4 910o18 8 19
3.0 17 1420 15 10 15 2015 18- 6-- 1819g 6 18
4.0 12 14 10 7 7 3 8 7 10- 5 -- 66 -- 6
5.0 -- 16 1333 1 -- 9 612- 6 - ----
6.o 66 8----------------13- 5

60 0.3 -- 15 -- -- U 15 8 17 13 -

70 0.3 -- 18--------18 17 15 8
1.0 U- ----- --- 13 13 3.1 14
2.0 -10--------12 8 9 8
3.0 -12--------13 -- 6 9
4.0 7 7--------6 4
5.0 9 9--------------------3

80 0.3--------------------------------5 9 7 ---

-~ 90 0.3---------------------------6-.-- 5- -

1.0--------------2--------------3-- -
2.0--------------5----------813 8 317- 7
3.0--------------5--------59132 8519- 7
4.0--------------2--------4 8 8-- -- n- 5

*5.0--------------7 1 7 7 10 8- 16 8--
6.0--------------1----------3 1 4 3- 8 1--

100 0.3----------------------------6---- 6 -- 3

no0 0.3----------------------------2-- 72--
1.0----------------------------5- -10 2-

1" J ~2.0------------------------- 4-- 8 --
3.0-----------------------------------3- 8--
4.0------------ ------------ ----- 8 2 10 -- 4 17 -- 8
5.0----------------------87 8- 318- 7
6.o-----------------------------6---- 9- 3

120 0.3---------------------3------------3 73 1.12 3 5

140 0.3------------4-----------5-- 8 2 2

150 0.3------------9-------7 8 12- 412 3-
1.0------------9 ------------ 10 10 12 -- 6 13 58
2.0------------U------------16 1I4 16- 5 147 9
3.0-------------------3 -- 2 --- 3 ---
4.0-----------------------------------1-- I-A
5.0------------0 0 0 0li11 10- -- U- 7
6.0-------------------3-----------2----

160 0.3------------1--------1----------3. -

170 0.3--------------7-------- 5 7- 6- 4

190 0.3- 9------6 8 -- 15 7

* badfa 'at belteopter noo. welAtive to line otueas~ww nt .po1nat. Nelicopt~zat er n of WO, duog a fames
KU iie-aw po

4 ~
r: WA



Table 3

Lownvash Velocities, OH-58A F"y-B-y Tests
Helicopter Gross Weight, 3200 and 3000 lb; Disc Load, 3.07 psf;

Rotor Heights Above Ground, 16 and 21 ft

Downawash Velocities, mph, at Indicated Gross
Aircraft Weights, lb, Rotor Heights Above

Ground, ft. and Headings, deg*
Hoionaeighity Abovet 300 b 270 9t300 l; 270ft

Distancefrom Velocity Pbovnt no0 270 16f900 b 217f
Rotor Hub(s), ft Ground, ft dgde

200.3 28 10 --I,30 0.3 49 40 5 18
1.0 41 37 6 19
2.0 39 4i4 7 24
3.0 16 34 4 18
4.0 7 27 9 27
5.0 10 7 9 38
6.o -- -- 11 24

A40 0.3 34 45 7 39

50 0.3 17 23 3 22
1.0 28 40 6 40
2.0 21 17 3 24
3.0 20 23 7 25
4.0 8 13 5 8
5.0 14 13 9 5
6.0 7 4 6 --

70 0.3 23 21 -- 22
1.0 20 20 -- 18
2.0 18 20 -- 15
3.0 18 23 -- 20
4.0 10 U -- 9
5.0 9 12 -- 6
6.0 5 7 -- 3

80 0.3 12 4 -- 12

90 0.3 11 311- 26 A~
1.0 -- -- -- --

2.0 18 20 4 241
3.0 11 10 -- 17
4.0 10 7 3 8
5.0 3 6 -- 2

6.0 8 8 4-

100 0.3 6 10 - 13

1.0. 11 14 -- 15j
2.0 121 17 7 10
3.0 16 22 12 20
4.0 -- 3 -- --

5.0 -- --

6. 14 10 10

* *Reading of helicopter'nose relative to line of measurement points. He6cot4
at heading of zero degrees faces all measurement points.
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Table 4

Downwash Velocities. * H-6A Lift-Off Testse Helicopter Gross Weight, 1800 lb; Disc Load, 3.31 psf;
Rotor Height Above Ground., 10 ft

Horizontal Velocity Point Downwash Velocities 2 ph. at ndctd Headings. degz*
Distance from Height Above 0 30 00 90 10 10 10 20 20 270 300 330Rotor Hub(s), ft Ground, ft LE de& L& La ftk Leg & tf

20 0.3 37 44 48 46 48 52 48 53 45 47 4645

30 0.3 27 3128 33 29 37 41 39 31 40 34 33
1.0 14 14 20 20 14 25 29 25 20 29 23 19¶2.0 19 18 16 19 15 24 35 22 24 25 24 16
3.0 5 10 2 4 3 10 14 5 4 6 4 2r4.0 10 1 - 5 8 14 5 -- 6 -- --
5.0 -- 3------------10 -
6.0---------------------------------3 -- -

40 0.3 - - 23 23 21 18 23 7 27 13 23 23

50 0.3 - -- 1 13 3----------------------10 6
1.0 - - 2 20 12----------------18 3.
2.0 - 4 14 6---------------1 9
3.0 - - 1 14--------------------15 10
4.o -- 1 6------------------7 2
5.0 - - 4 -- 1----------------6 4
6.0o- - 2 -- -- 1 3

60 0.3--------------14------------------------

70 0.3 U -- 1
1.0 8 -- 1
2.0 5 -- 2
3.0 3 -
4.0 -
5.0
6.0 -

80 0.3 - 3 - - 7 -- 5 -- 8 - -

90 0.3---------------------2 -- 4 -
1.0------------------------ ----------
2.0 -- 1 10 - 10 -- 7 - 13 - -

3.0 -- 3 9 - - 9 -- 8 -- 13 -

4.0o- -- 6 5- - s - 6 -- 8 - -

5.0 6 3 8 - 9 1 6 lo10 -- -

6.0 -- -- 1 - -- 2 -- 1 -- 4 -

100 0.3--------------------3-------------5- -

3.1 0.3--- - ---ji ~1.0-----------------------2 -2 2-

4.o--------------- -- 6 - 4 8 4-
5.0------------------5 - 3 8 --

6.0---------------7-- -

120 0.3-----------------------------7 --

*Heading of helicopter aose relative to line of measurement points. Helicopter at heading of zero
degrees faces all measurement points.
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Table 5
Downwash Velocities, OH-6A1 Hover Tests

Helicopter Gross Weight, 1800 lb; Disc Load, 3.31 psf;
Rotor Height Above Ground, 34. ft

Dowmwash Velocities, mph, at
Horizontal Velocity Point -Indicated Headings. deg*

Distance from Height Above 0 90 180 270

20 0.3 32 35 147 142

30 0.3 19 31 36 33
1.0 12 15 19 1.9

2.0 12 16 19 18
3.0 3 5 8 3
4.0 9 5 U1 --

5.0 4 -- 14.-
6.o 5 -- 5

A40 0.3 - 31 22

50 0.3 - 9 -

1.0 - 13 -

2.0 - 5 -

3.0 --- 4.-
J4.o--- -- -

5.0

6.0o

Hedn of helicopter' nose relativeto line of mesrmn pons
Helioptr atheaingof zr ere ae l esrmn ons

/7

S. ~4~S . ~ -=4

~?~f ~2'4
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Table 6
Downwash Velocities. OH-6A Fly-By Tests

Helicopter Gross Weight, 1800 ib; Disc Load, 3.31 pint;
Rotor Height Above Ground, 14 f,

Dovuwash Velocities
Horizontal Velocity Point mph, at Indicated

Distance from Height Above Headings, deg*
Rotor Hub(s), ft Ground, ft 90 deg 210 deg

20 0.3 44 36
30 0.3 34 18

1.0 21 12

2.0 14 10

3.0 -- 1

4.0o- --

5.0 -- --

4o 0.3 21 10

50 0.3 -T

1.0 -- 5

2.0 -- 5

3.0 a4

4.0o 1

5.0 a-

6.0o -

j*Heading of helicopte nse relative to line of measurement
points. Helicopter at heading of zero degrees faces all
measurement points.

4ý-OA



Table 7

Downwash Velocities, AH-IG Lift-Off Tests

Helicopter Gross Weight, 9500 lb; Disc Load, 6.25 psf;
Hrot Vect Rotor Height Above Ground, 14 ft I .

Horizontal Velocity Point Downwash Velocities, mph, at Indicated Headings, deg*I

Distance from Height Above 0 30 60 90 120 150 160 210 240 270 300 330
Rotor Hub(s) ft Ground, ft . ft 4t ft fts ft k ka ft

20 0.3 49 -- 29 24 -- 37 16 22 32 30

30 0.3 -- 51 72 43 75 74 24 74 68 62 68 63
1.0 --. 63 -- 62 69-- 57 51 47 51 49
2.0 --- 75-- 75 76 74 70 65 68 70
3.0 . . 59 -- 59 64 78 60 62 62 64
4.0 46 40 5P 75 70 77 70 75
5.0 21- 9 12 52 64 68 54 63
6.0o .... 22 45 41 38 24

40 0.3 -- 7167717070 609687471772 72
1.0 -- -- 62 - --. 49 -.. .
2.0 -- 72 -- 74 64
3.0 -- 51 55 43
4.0o - 53 33 37
5.0 -- 29 10 21
6.0 -- 9 --- 15------------

50 0.3 64 63 40 64 37 39 57 40 49 46 44 49
1.0 - -70 -- 65 67 -- 69 747471 75
2.0 --" 39 "4 4i" 31 44 48 46 47
4.o - -22 16 18 24 28 33 30 27

5.0 ---- 19 -- 102 2- 28 31 36 28 29
6.0 5 -- 5 12 18 28 16 14

60 0.3 74 33 -- 39 28 - -- --

1.0 49 66 -- 68 -- -- -3
2.0 72 35 -- 4 28
3.0 57 41 -- 532
4.o 50 20 -- 18 15
5.0 15 21 -- 18- - 24 - -- --
6.0 -- o -- 6 27

70 0.3 63 44--45 39 -- 38 46 51 49 49
1.0 - -38 - 41. 313. 37 43 44 46 4o21.0 2
2.0 . .-- 35 -- 33 30 29 39 40 41 33
3.0 --- 47-- 38 36 44 46 50 46 48

4.o --- 23 -- 15 14 19 19 25 24 26"5.0 -- -- 27 -- 18 12 23 25 31 32 31.
6.0 --- 15 -- 13 12- 18 2.4 20 20 14

80 0.3 34 39 25 42 30 2513 26 28 36 34 30
1.0 66 40 -- 36 -- -- 21
2.0 44 35 -- 36 19
3.0 50 36 -- 142 25
4.0 18 17-- 18 13
5.0 20 17 -- 20 14
6.0 -- 15 -- -- -- 8

90 0.3 -- 631 27 31 30 -- 28 31 363638

1.0

2.0 - -38- 36 38- 39 444743 4630- -2 - 221 - 9 4 0 1 1i;z3.0 2"- 3 -- 22 21 29 34 4o 31 33.

4.o ---- 15-- 15 20 19 22• 26 18 20
5.09 9910 -12 18 20 21 16
6.0 ---- 17-- 1313 15 17 19 18 20

"* Heading of helicopter nose relative to line of measurement points. Helicopter at heading
of zero dogrees faces all ,eam ent points.

4 3
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Table 7 (Concluded)

Horizontal Velocity Point Downwash Velocities, mph, at Indicated Headings, deg
Distance from Height Above 0 30 60 90 120 150 180 210 240 270 300 330

Rotor Hub(s), ft Ground, ft Le LE M k deg ft deg LE de•t f LE LE

100 0.3 39 25 26 28 31 31 16 30 35 33 33 31
1.0 37 --
2.0 32 38 -- 40 . . 22
3.0 40 27 -- 28 . . 14
4.0 19 18 -- 17 . .- 12
5.0 21 9 11 -- 3
6.0 12 14 -- 14 .. .. 10

o10 0.3 24 24 23 27 28 25 20 25 27 27 26 22
.1.0 ---- 29 -- ý 30 -- 30 34 33 31 29
2.0 30 -- 23 33 -- 30 32 35 35 323.0 40 -- 35 44 __ 39 41 46 43 404.0 18 -- 12 19 -- 17 18 22 16 16

5.0
6.0 .. .. 31 -- 31 28 -- 34 35 39 30 32

120 0.3 28 20 12 25 9 lo 14 8 15 16 14 12
1.0 -- 28 -- 28 --.. 17
2.0 37 28 -- 29 20
3.0 24 37 -- 38 -- -- 30
4.0 14 3 -- 12
5.0 13 --
6.0 17 24 -- 30 . . 22

130 0.3 24 6 22 10 25 25 -- 24 25 30 25 24

140 0.3 20 22 15 22 19 18 5 18 22 23 16 20
1.0 25 --
2.0 26
3.0 33
4.0 7
5.0
6.0 29

150 0.3 7 18 17 17 18 17 9 10 19 22 15 18
1.0 ---- 13 -- 15 16 -- 12 10 20 12 17
2.0 13 -- 15 16 -- 14 22 20 16 20
3.0 16 -- 19 17 -- 18 21 22 18 19
4.0 29 -- 30 27 -- 31 32 35 31 33
5.0 19-- 22 16 -- 23 23 28 25 26
6.0 18 -- 21 16 -- 22 22 26 25 26

160 0.3 22 15 12 18 14 12-- 11 17 19 12 16
1.0 -- 13 -- 15 -- -- 6
2.0 -- 106 -- 20 -- -- 9-
3.0 -- 17 -- 18 -17

4.0 -- 30 -- 27 - - 22
5.0 -- 20 -- 19 37
6.0 -- 20 -- 20 14

170 0.3 16 13 11 14 11 o -- 8 13 17 10 15
180 0.3 13 8 -- 12

1.0 16 -6
2.0 18
3.0 19
4.0 32, - - - - - - - - - - - -
5.0 22
6.0 20

• -)



Table 8

Dounwash Velocities,* AH-1G Hover Tests

Helicopter Gross Weight, 9500 lb; Disc Load, 6.25 pef;
Rotor Height Above Ground, 44 ft

Horizontal Velocity Point Doivnvash Velocities. mph. at Indicated Headings, deg

Distance fran Height Above 0 30 90 120 180 270
Rotor Hub(s), ft Ground, ft degdede

20 0.3 30 41 20 39 14 44

30 0.3 62 46 57 71 40 61
1.0 48 35 45 46 30 55
2.0 68 53 60 53 414 70
3.0 57 45 57 41 41 49
4.o 64 51 58 38 56 59
5.0 68 49 46 30 54 56
6.o 60 47 34 30 40 45

140 0.3 63 60 67 67 60 66

50 0.3 45 45 49 40 43 46
1.0 73 67 71 64 70 70
2.0 45 40 146 39 42 42
3.0 55 51 52 53 55 56
4.0 43 39 29 39 36 34
5.0 56 55 31 49 46 42
6.0 35 23 13 42 36 22

70 0.3 46 46 54 54 47 51
1.0 43 41 44~ 45 39 42
2.0 38 ,32 39 146 36 36
3.0 53 46 48 53 54 45
4.0 27 23 23 32 31 23 I
5.0 40 28 23 38 40 24
6.o 32 32 14 26 26 18

80 0.3 28 27 32 34 35 27

90 0.3 34 28 37 35 36 35
1.0 -- - - - -2.0 45 4 6 4 34
3.0 34 32 33 141 31 29
4.o 24 214 23 27 18 18
5.0 28 14 21 26 P1 15
6.0 25 23 20 26 20 27

100 0.3 37 30 32 35 32 31

110 0325 27 25 28 28 22
1.0 34 32 32 36 36 31.
2.0 38 32 35 35 37 33
3.0 148 40 141 144 44 44
4.0 24 15 15 21 20 29
5.-0
6.033 3352

120 0.3 12 13 1.1 14 18 12

130 0.3 26 28 26 28 29 24

140 0.3 20 36 19 24 21 20I
150 0.3 20 18 20 24 19 17

1.0 21 20 18 23 32 20
2.0 22 22 24 27 27 20
3.0 22 19 20 23 24 19
4.o 314 33 31 33 40 26
5.0 25 23 23 35 28 29
6.o 21 23 25 28 24 24

160 0.3 16 15 15 14 13 263

170 0.3 15 1.2 U 11 13 15

*Heading of helicopter nose relative to line of nasawmeirst points. Helicopter at heading of
zero degmee faces an meswamrt points.
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Table 9

Downwash Velocities, AH-lG n77yBY Tests
Helicopter Gross Weight, 9500 1b; Disc Load., 6.25 Psf;

Rotor Height Above Ground, 22 ft

Downwash Velocities, mph, at Indicated
Horizontal Velocity Point Headings,* deg*

ffDistance from Height Above 90 270

Rotor Hub(s), ft Ground, f tdede

20 0.3 10 21.

30 0.3 51 52

1.0 36 51

2.0 40 59

3.0 37 46

4.o 43 46
5.0 32 26

6.0 25U

40 0.3 4854

50 0.3 25 32

f 0o 41 54
2.0 26

3.0 35 45
4.o 41 16

5.0 24n

6.0 18 -

70 0.3 30 35
1.0 24 36
2.0 22 29

3.0 30 39
4.0 17 13

5.0 21 12

6.0 16 7

80 0.3 12 22
(Continued)

*Heading of helicopter nose relative to line of measurement points.
Helicopter at headiikg of zero degrees-faces all measurement points.

-C4 '
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Table 9 (Concluded)

Domnwash Velocities,, mph, at Indica~ted
Horizontal Velocity Point Headings, deg

Distance from Height Above 90 270
Rotor Hub(s), ft Ground, ft Ladeg

90 0.3 29 25

1.0 -

2.0 24. 34,

3.0 1.8 34
4.0 14, 19

5.0 a. 10

6.o 16 311

100 0.3 17 21

110 0.3 14 17

1.0 19 22

2.0 22 27

3.0 30 37I

4o7121
6.o 29 321

120 0.3 -- 5

130 0.3 U1 151

14+0 0.3 4 81

150 0.3 3 7

1.0 4 1

2.0 5 7

3.0 10 15

4.0 21 25

5.0 13 14,

6.o 15 15

160 0.3 9 9

170 0.3 6 5

4,~
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Table 10

Downuash Velocities, UH-11H Lift-Off Tests

Helicopter Gross Weight. 9500 ib; Disc Load, 5.25 Psi';

Rotor Height Above Ground, 14 ft

Horizontal Velocity Point Doewanh Velocities, mph, at Indicated Headings, 11eg
Distance froms Height Above 0T0 6 90 20 150 16 .10 . 7

Rotor Hub(a), ft Ground. ft !# deg deg deg kg IeM det deg ft

20 0.3 - - 19 25 34 -- - - 23 6
30 0.3 - 65 zi 57 -- - - 57 41.

1.0 - 59 6. 63 -- - - 53 48
2.0 - 62 63 59 -- - - 58 51
3.0 - 47 54 53 - 54 47
4.0o- 35 51 33 -- - - 54 46
5.0 - - 8 35 49 -- - - 52 31.
6.o - - -- 12 50 -- - - 31. 16

40 0.3 - 62 52 6o 64 63 66 64 39
50 0.3 - 35 -- -- 61 6.1. 63 -- 14

1 10 5- - 8 - 6o 62 61 -- 43
2.0 - - 32 38 39 57 62 58 40 30
3 .0 - 32 36 41. 40 61 43 46 4o
4.0o- - 12 22 27 29 66 41 21 25
5.0 - -- 15 30 13 62 21 17 36
6.0 -- - - 0 13 -- 47 7 -- 2O

60 0.3 - -- -- -- 35 47 5C - -

70 0.3 - - 34 39 40 35 27 35 wt 28
1.0 -- - 9 35 36 50 56 54 5 -)6
2.0 -- 26 27 34 27 36 34 36 27
3.0 - -- 35 -- 37 22 54 45 37 --
4.0o- - 1.4 - 17 14 39 24 19 17,
5.0 - 1.8 -- 18 13 56 25 24 22
6.0o- - 12 -- 15 -- 36 12 -- 2

80 0.3 - -- 24 19 26 -- -- -- 30 1.7

90 0.3 19 21 17 23 25 37 33 37 27r 13
1.0 ;1 - - -- -- 30 30 31 - .

2.0 2 31 23 29 40 24 28 33 36 25
3 .0 12 22 17 20 31 -- 37 -- 22 20
4.0 20 28 16 19 32 -- 22 1.7 19 22a

15.0 - - 1.4 12 20 14 35 25 18 17
6.o Z- - 17 15 20 7 29 21 17 19

100 0.3 1.3 19 18 24 28 22 19 24 23 16
no1 0.3 1.3 1.7 16 20 21 21 21. 25 21 16

1.0 15 22 19 24 27 -- - - 26 22.
2.0 4 25 22 25 28 24- 3-2- 33 29 23
3.0 23 36 31 33 25 15 25 22 34 31
4.o0- 9 8 8 14 15 22 17 8 9
5.0 -- -- -- -- - 8 17 31 -- --

6.0 20 25 22 24 32 11 1.9 15 25 28
120 0.3 -- -- 4 7 8 19 19 23 7 2

130 0.3 -- 15 16 19 23 17 20 20 21. 18f1.0 -- - - - - 22 26 26 -- -

2.0 -- - - - - 23 26 28 -- -

3.0 - - - 28 35 30 - -

4.0o- - - - - 4 9 12 - -

5.0 -- -- - - - - - - - -

6.0 - -- - - -- 23 26 26 - -

140 0.3 -- 7 9 1 129 8 13 7
150 0.3 -- 8 8 10 1,6 24 21 110 9

1.0 -- 7 7 8 12 -- Z- - 9 10
4 2.0 2.0 8 8 8 13 - - - 13 2

3.0 -- 14 15 1.5 15 ;- - - 17 16
4.0 -- 2 5 27 23 -- - - 29 ,28
5.0 -- 16 12 18 a21-- - 20 20

a'6.0 -- 18 1.4 17 21 -- - - 19 22

160 0.3 -- 8 9 8 8 8 16 15 12 10

*170 0.3 -- - - - - 4 16 14 -- --

1.0 -- - - - - 4 15 12 -

2.0 1- - - .-- 16 23 - -

3,0 -- - - - 7 18 19 -- -

4.0 -- --- - - 2 31 31 - -
5.0 -- - - - - 17 23 22
6.0 - - -- 1-.. 25 22 23 -

180 0.3 -- 10: 10 8 13 3 13 9. 11.4 U2

Re)adijng at belloopter'noe relative to 21M ot ueeaudemsat points. Helicopter at heading of zero degree fiaces
an. uesmnemt points..

i vaN y"

-7 Z~ a .- a -TT*,



Table 31.

Downwash Velocities, UH-J.H Fly-By Tests

Heliacpter Gross Weight 9500 1b; Disc Load, 5.25 psf;
Rotor Height Above Ground., 20 ft

Dowrmash Velocities, mph, at Indicated
jiHorizontal Velocity PoInt Headings, deeg*

Distance from Height Above 90 270
Rotor Hub(s), ft Ground, ft deg

20 0.3 51 27{30 0.3 42 551.0 142 49
2.0 40 55
3.0 19 45
4.0 -- 43
5.0 -- 20

6.0 -- 5
40 0.3 30 57
50 0.3 20 38

1.0 31 6o
2.0 16 31
3.0 16 32
11.0 8 15
5.0 8 10
6.0 8 5

770 0.3 22 39
1.0 13 34
2.0 4 30
3.0 19 31
4.0 12 13
5.0 10 16
6.0 7 12

80 0.3 12 21

790 0.3 -- 15
1.0 -- -

2.0 -- 28 I
3.0 -- 18
4.o - 16
5.0 -- 9
6.0 4 14 1

3.0 0.3 -- 13
1.0 -- 18
2.0 -- 37
3.0 -- 39
41.o --

5.0 --

6.o - 23

*Heading of helicopter nose relative to line of measurement points.
*Helicopter at heading of zero degrees faces all measurement points.
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Table 12

Downwash Velocities. H1914 Lift-Off Tests

f ~Helicopter Gross Weight, 9500 lb; Disc Load1, 5.25 psf;
Rotor Height Above Ground, 114 ft

Horizontal Velocity Point Downwash Velocities,* mph, at Indicated Headings,* deg*
Distance from Height Above 0 30 6090 120 150 180 210 2140 270 300 330

Rotor Hub(s), ft Ground, ft deg ~4 e ~~dg~4 e e

20 0.3 59 53 5143146972 5675 2250 56614

30 0.3 70 68 76 72 68 64 56 63 6146372 70
1.0 61 6o 614 62 59 61 51 62 55 6o 61 63

.0 66 65 68 71. 69 60 63 70 64 6970 72
3.0 52 47 51 61- 58 43 62 59 59 62 5853
4.o 35 47 32 66 50 34 69 59 6114150 41l
5.0 18 33 12 22 141 28 6614161 2128 15
6.o--------------------26 13 147 26 33 2 4 --

40 0.3 64 57 58 51 5856 496770 7269 67

50 0.3 3739 35142142 3629142 4243140 40
1.0 59 33 39 64 66 50 48 66 66 66 66 58
2.0 35 35 36 39 142 31. 37 143 143 44 40 35
3.0 37 39 39 141 52 143 52 48 147 145 148 141
4.0 19 214 16 21 35 23 38 23 314 22 23 P3
5.0 14 21 14 27 37 28 55 26 29 214 16 18
6.o 6 -- 6 30 11 10 36 15 1216 6 5

70 0.3 414114-14144147 40 405044 5046 40
1.0 37 314 33 140 45 33 36 143 45 45 40 38
2.0 33 33 30 38 44 32 37 41 52 39 314 33
3.0 38 39 36 4o 52 4o044 54 52 4448142
4.0 19 19 18 18 214 17 27 21 23 22 2217
5.0 22 23114 1628 1839 24 426 1817
6.0 10 16 3.1 13 12 13 28 10 -- li 1010o

90 0.3 2142828 32 31428 29 35 31 32 2929
1.0 - - - - -
2.0 32 37 37 39 383 3211 6 2 39 37
3.0 21421428 273321 3143828 3127 26
14.0 15 19 21 22 25 17 2142821 2317 17
5.0 2 6 3 6 6 -- 13 10 5 30 -- 1
6.0 12 1816 17 1513 21423 1318 10114

100 0.3 114 16 18 21 20 13 21 26 21 22 1818

110 0.3 19 21214 26 27 23 23 33 2526 2223
1;0 26 27 28 33 28 26 29 35 31 31 29 27
2.0 25 172531 3115 30333 30 3212426
3.0 26 2929 3143142537 35 343429 29
14.0 91516139 16 9 23 1919 1914 10
5.0 - - - - - - - - - - - -
6.0 16 2227 2920 1830 27 223019g18

120 0.3 7 7 12 13 13 8 11 13 11131 8 8

130 0.3 19 19 18 28 27 23 24 2421 2822 21

140 0.3 12 12 16 21 18 15 19 14 1822 13114

150 0.3 10 n1 16 22 1.9 12 16 13 16 1812 12
1.0 10 12 16 17 17 12 19 15 17 15 1U 13
2.0 9 8 17 22 18132 18 1515 1512 11
3.0 16 16 18 23 20 16 20 20 181818 16
14.0 22 21428 3027 26 3025 2726 2523
5.0 19 2a 25 28 28 18 28 22 23 24 2420
6.0 18 21. 25 27 29 18 29 21 21 22 22 21.

(160 0.3 10 9 12 17 14 1C 15 11 11 14 10 12

170 0.3 8 9 11 15 13 8 12 zo0101210o11.
180 0.3 14 12 17 20 19 12 19 15 16 8 1117

190 0.3 5 -- 7 11 7 -- jo0 6 6 766

*Heading of helicopter nose relative to line of saeursuent pointso Helicopter at beading of
zero degrees faces all. measuiwsat points.
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Table 13

Domwnash Velocities, UH-lM Hover Tests

Helicopter Gross Weight, 9500 ib; Disc Load, 5.25 psf;
Rotor Height Above Ground, 44 and 66 ft

Downwash Velocities, mph, at Indicated Rotor Heights
Above Ground, ft, and Headings, deg*

Horizontal Velocit-y Point 44 ft 66 ft
Distance fran Height Above 0 90 180 270 0 90 180 270

Rotor Hub(s). ft Ground, ft deg e deg deg

20 0.3 45 8 28 15 56 20 37 16

30 0.3 f5 75 70 51 67 64 33 70
1.0 60 63 32 47 33 48 33 61
2.0 64 70 57 57 68 53 28 72
3.0 56 66 49 50 53 43 37 61
4.o 58 62 54 57 59 48 51 68
5.0 61 49 42 53 58 44 50 68
6.0 48 33 33 48 48 34 41 43

40 0.3 64 70 65 49 19 64 63 76
50 0.3 44 49 42 48 42 50 42 49 I

1.0 63 74 62 73 60 74 57 75
2.0 39 48 40 46 39 45 39 50
3.0 55 60 49 56 48 56 54 55
4.o 36 32 37 39 28 40 37 35
5.0 40 36 46 49 34 61 58 40
6.0 23 16 31 30 23 43 46 21

70 0.3 43 53 51 53 50 60 62 54
1.0 40 49 47 44 4o 53 50 53
2.0 38 46 38 42 46 45 43 44
3-0 46 49 42 52 50 52 53 55
4.0 24 25 20 24 23 33 30 27
5.0 27 35 22 36 26 44 45 34
6.0 18 13 16 22 24 32 34 19

90 0.3 29 37 36 33 32 37 46 40
1 .0 . ..- -. . . . .. .. .
2.0 4 48 46 5
3.0 32 33 25 34 35 41 42 35
4.o 23 25 17 25 24 31 29 24
5.0 i1 12 2 22 9 20 18 10
6.0 23 20 16 25 21 25 30 18

100 0.3 23 27 24 20 24 27 38 27
110 0.3 23 30 30 27 28 28 38 33

1.0 33 38 31 35 34 38 48 37
2.0 34 38 27 35 31 37 47 36
3.0 35 40 34 32 44 48 39
4.o 19 19 12 22 19 30 28 27
5 .0 . . . . . . . . . . . . . .. .
6.0 37 26 20 29 26 31 37 26

120 0.3 10 14 13 13 13 14 20 18
130 0.3 25 28 26 27 26 29 30 28
140 0.3 19 22 19 19 16 22 25 21

150 0.3 16 19 17 18 10 25 23 18
1.0 19 21 17 18 16 27 20 19
2.0 22 23 17 19 18 26 29 13
3.0 22 21 19 23 20 25 25 17
4.0 30 30 27 32 27 34 34 26
5.0 29 28 20 31 26 30 35 28
6.0 30 28 20 30 26 32 35 28

160 03 16 15 13 26 14 19 27 103
"170 0.3 16 13 13 15 12 16 15 15
180 0.3 21 19 19 20 18 20 2-3 20

190 0.3 11 10 10 12 8 10 13 10

R eadng of helicopter nose relative to line of measurement points. W.ioopter at heading of zero

degrees face# au- amwommamt points.
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Table 14

Downwash Velocities. CH-47 Lift-Off Tests

Helicopter Gross Weight, 36,000 ib; Disc Load, 6.37 psf;
Rotor Height Above Ground, 15 ft

SDovwnash Velocities, mph, at Indicated
Horizontal Velocity Point Headings. deg*

Distance from Height Above 0 90 180 270
Rotor Hub(s),, f Ground, ft L9 e_& k deg

20 0.3 72 52 83 38

30 0.3 75 83 86 72
1.0 73 76 85 70
2.0 81 78 90 77
3.0 84 70 93 71
4.o 86 82 100 67
5.0 84 78 93 62
6.o 72 74 87 60

"4o 0.3 86 90 78 85

50 0.3 69 67 63 74
1.0 98 104 87- io8
2.0 70 71 70 75
3.0 91 97 96 100
4.o 68 73 73 76
5.0 95 99 9127
6.0 71 77 72 78

70 0.3 74 74 72 80
1.0 73 75 66 78
2.0 68 72 70 75
3.0 92 97 97 103
14.0 57 58 57 62
5.0 111 97 84 100

S6.0 6k 69- 63 69

80 0.3 56 59 51 63

90 0.3 64 68 54 69
1.0 -- --

2.0 82 83 79 88
3.0 74 73 71 82
4.o 51 49 45 53
5.0 61 61 52 60
6.0 56 58 47 55 A

(Continued)

* Bading -of be1qcoter nose we ative to ln. ofeaie~n po-zt
E headiig of zero dgreea faced-afl neasurewit i.
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Table 114 (Concluded)

Downwash Velocities, mph, at Indicated
Horizontal Velocity Point Headings, deg

Distance frcu Height Above 0 90 180 270
Rotor Hub (s) ft Ground, ft L aL

100 0.3 60 63 52 66

110 0.3 641 62 419 70
1.0 70 81 56 7
2.0 75 76 57 79
3.0 76 76 64i 76
4~.o 66 641 58 67
5.0 -- -- -- --

6.o 741 69 541 70

120 0.3 419 413 30 51

130 0.3 62 62 1446

1410 0.3 58 59 39 62

150 0.3 -- 641 38 61
1.0 -- 69 143 67
2.0 71 77 47. 82
3.0 55 59 412 59

5.0 69 72 511 82
6.o 67 70 53 69

160 0.3 413 411 28 44

180 0.3 414 46 37 59

4 .. 190 0.3 4411 115 30 50

........ K



Table 15

Downvash Velocities. CH-14(•l1ow.r Tests

Helicopter Gross Weiaht, 36,0oo ib; Disc Load, 6.37 paf;
Rotor Height Above Ground, 50 and 0,0 ft

-Do rlwai Velocities, mph, at Xzidica4ed Rotor Heights

Horizontal Velocity Point Above ___ _ f t._and_ _i_ _deg*

Distance frm Height Above 0 30 -90 120 150 16 0 --210 270 300 330

Rotor Hub(s), t Ground. ft e de& e d£, dee • e e e e !d dee

20 0.3 82 -- 29 a 73 94 78 98 ,2 4o 57 81

30 0.3 80 34 88 47 714 8 3*t 93 72 63 53 68
00. 79 49 30 44 79 8 0 75 94 67 8 55 72
2.0 78 35 39 48 83 97 77 98 75 6 64 80
3.0 65 15 21 43 7 8 92 74 103 71 61 55 576
4.0 67 15 6 1 48 70 91 83 902 72 56 69 70
5.0 62 13 10 48 69 74 83 99 66 54 64 62
6.7 53 -- 14 51 77 63 78 96 54 - 5 44 43

4o.03 75 58 57 73 89 2 80 go 102 82 560 58

50 0.3 54 54 59 64 6 4 55 54 56 78 61 59 41
3.0 80 71 78 94 7 6 81 96 4101 4 12 9 85 68
2.0 59 38 51 6 5 463 82 62 74 73 61 55 51
3.0 84 50 6o % 14 88 87 98 91 83 73 66
4.0 57 36 45 68 64 61 57 68 67 53 53 38i5.0 78 55 68 94 88 87 81 91 92 72 73 61

S6.0 60 44 54 75 66 66 67 64 74 66 55 45

70 0.3 62 72 73 79 62 3 1 55 66 -- 78 59 49
81.0 57 76 64 73 59 52 53 66 7 73 60 2 6

2.0 58 67 4 69 56 49 58 75 74 70 59 45
3 .O 80 86 90 97 75 67 77 94 i04 92 15 60
4.0 50 5s 56 66 5 47 48 58 74 54 53 37
5.0 75 516 94 94 67 75 79 89 94 83 82 52
6.0 53 4 68 71 8 61 57 67 59 58 58 38

80 0.3 51 60 58 63 52 43 48 50 -- 59 51 30

90 0.3 51 70 69 73 58 45 46 65 77 64 62 35

5.0 -- - --- - - - - - ,- - -5-

6.0 72 97 550 60 1
130. 62 69 68 78 66 52 54 68 77 7 3 65 43

43 .3 46 47 57 5o 46 41 51 54 46 45 30
5.0 40 50 54 66 57 47 47 5 58 149 53 356.o 29 46 43 62 5o 45 45 5o 62 43 49 33

so0 0.3 48 61 62 68 49 40 46 54 64 63 56 29
1.0 54 68 71 81 61 49 52 65 79 66 65 45
2.0 38 72 74 80 52 4 4 48 5 74 3 9 60 42
"3.0 56 74 73 79 82 49 51 66 77 74 68 44
4.0 48 56 59 69 51 40 39 58 63 63 6o 28
5.0 -...-.-.-. ...--.-.-..

6.o 5245 5262 7814561465 60 63 56 55 28

120 0.3 29 44 47 47 30 25 23 34 43 40 35 20

130 0.3 3 54 65 66 46 73 1 41 54 62 5o 51 32

140 0.3 34 48 47 62 36 38 36 14 60 45 48 21
10033 52 5 66 36 3 8 89 7 41 46 23

i .0 36 55 67 82 36 41 Z5 50 - 45 52 24
2.0 36 59 70 85 48 46 48 54 53 58 25
3.0 32 45 53 62 42 37 36 46 39 45 46 24
4.o 47 64 70 85 56 57 49 64 68 65 64 35
5 .0 43 55 61 76 50 53 44 57 62 53 56 28
6.o 45 52 62 78 49 52 4 6 06 63 •6 55 28

160 0.3 26 35 41 45 25 27 29 A 37 30 31. 20

180 0.3 30 415 46 57? 33 31 36 40 44 38 34 27

•,190 0-3 23 37 W, 49 21 25 24 34 4o 26 a3 10

(Contirnvid)-
Heading of helicopter nose relative to line of MeMnun t points. 8 .Opter atbouding of zero ddomea

* faces all meagivoint points.
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L . ...Z, -. -.



Table 15 (Concluded)

Downwash Velocities, mph, at Indicated Rotor Heights
Above Ground, ft, and Feadings, deg

Horizonts Velocity Point gO ft
Distance frao Height Above 0 30 60 90 120 150 180 210 2V0 270 300 330Rotor Hub(s). ft Ground, ft Lei dte Le& a~ ft deg L& det La

20 0.3 76 77 32 35 66 65 107 95 81 26 41 70
30 0.3 62 80 47 ?;2 72 87 61 92 111 61 30 44

1.0 66 74 45 32 60 76 81 02 89 53 34 54
2.0 86 82 42 35 57 72 85 70 91 51 37 56
3.0 85 77 38 21 45 53 76 63 76 46 36 49
U.o 86 82 43 26 42 53 68 61 83 % 49 495.0 80 78 44 19 33 4o 6o 55 80 51 52 486.0 76 61 43 28 25 39 62 57 69 46 65 46

40 0.3 62 80 72 68 76 92 90 87 104 87 57 62

50 0.3 46 58 64 65 61 65 63 61 73 67 45 45
1.0 64 84 92 92 88 96 92 89 104 1oo 68 71
2.0 57 63 69 64 60 59 61 57 70 69 48 53
3.0 81 82 90 88 75 77 58 82 90 91 61 69.0 55 57 86 70 55 61 51 54 62 69 34 39
5.0 83 76 98 94 75 72 78 81 86 97 60 64
6.0 61 56 79 76 60 =54 55 58 63 74 47 50

70 0.3 57 61. 79 84 64 76 69 61 85 87 70 71
1.0 58 62 77 86 -- 75 69 60 79 77 67 65
2.0 56 54 72 76 58 71 66 64 72 71l 72 603.0 79 71 102 107 78 96 82 90 96104 834.0 47 43 66 67 45 58 55 47 55 58 66 80
5.0 75 6o 1o4 io7 68 92 86 77 92 93 81 78
6.0 58 43 74 75 46 64 64 58 60 66 58 60

80 0.3 47 43 61 64 49 59 5 5 49 65 64 55 56

90 0.3 47 50 72 72 49 70 65 57 73 71 65 49

2.0 64 59 -94 91 68 86 81 68 87 86 79 723.0 56 50 84 82 56 77 72, 62 72 76 62 62
4.0 39 34 60 58 4o 53 52 42 44 49 38 44
5.0 45 38 71 68 39 63 +48 56 56 42 45
6.0 43 36 64 64 39 58 4 46 51 53 37 45

100 0.3 44 48 68 66 48 63 60 52 67 67 63 47

nlo 0.3 40 4o 64 43 58 52 8 64 68 -- 4•1.0 57 49 76 85 60 72 68 58 70 77 70 52
2.0 54 50 91 82 51 71 70 57 78 77 69 50
3.0 59 55 83 83 52 76 73 59 78 79 66 57
4.0 49 41 77 72 38 69 63 45 67 6s 49 45
5.0 -- -- ---- --- -- -

6.0o4 4 79 79 42 76 6 9 68 59 48 6
120 0.3 28 26 49 48 31 42 4o 47 51 37 25

130 0.3 44 42 71 70 4 59 54 4j 62 67 48 38
141 0.3 46 36 67 66 38 56 48 40 57 6144 42
150 0-3 37 30 -- 66 34 58 48 L36 58 6R 42 3o

1.0 140 37 75 81 38 68 6 40 63 654 33
2.0 44 44 83 83 41 75 63 41 76 70 373.0 35 39 46 64 36 59 52 36 58 53 43 34
4.0 51 53 84 91 51 82 72 55 87 71 63 41
5.0 47 44 79 84 46 7(2 P' 48 696 55 41
6.0 49 42 80 83 45 72 51 6561 52 141 -

160 0.3 24 23 44 44 6 40 30 23 39 45 30 22

180 0.3 23 18 57 61 33 52 3 29 51 5 34 19

190 0.3 17 10 53 56 27 45 342 3 46 48 32 21

s.,-

~~- ý. . .

.;d"

pw+



Table 16

Downwash Velocities, Ch-Ai4 LI't-Off Tects

Helicopter Gross Weight, 29,400 and 39,800 ib; Disc Load, 7.22
and 9.78 pef; Rotor Height Above Ground, 22 ft

Domwash Velocities, mph, at IndiFated Gross AiL.'o.aft Weights, 1Z,
Disc Loads, paf. and He4Ins.js. deg*

Horizontal Velocity Point -, 29400 lb; 7.22 psf ,.
Distance from HeightAbove 0 30 60 90 120 '%50 160 210 240 270 300 330

Rotor Hub(s)..f Ground, ft L& 4M deg Lg • e def de4 M d_.eA f f_ k

20 0.3 39 144 41 46 16 46 54 50 44 41 41 46

30 0.3 54 53 6). 47 55 53 51 55 53 52 53 48
1.0 45 52 46 61 57 52 52 53 54 43 '4 53
2.0 53 56 55 55 60 60 59 61 63 58 62 59
3.0 49 47 49 49 51 57 59 57 59 55 54 51
4.0 37 39 34 34 36 47 53 43 43 42 39 36
5.0 39 37 32 33 24i 49 55 o0 4o 43 42 32
6.0 28 35 21 25 31 45 49 27 33 37 42 23

40 0.3 29 48 44 33 49 46 48 45 51 49 46 45

50 0.3 77 61 63 74 61 65 64 6o 72 lo9 63 62
1.0 53 57 64 59 59 57 59 59 70 59 57 61
2.0 45 39 49 50 49 53 51 53 60 55 47 53
3.0 41 32 39 42 43 48 50 48 50 46 50 46
4.0 35 26 26 30 28 35 48 34 39 3P 47 39
5.0 32 25 19 24 20 28 52 24 31 28 45 33
6.0 23 18 Ii 29 32 20 38 14 18 21 37 21

60 0.3 40 34 38 46 36 142 47 37 47 48 43 40

70 0.3 38 38 37 41 25 3q 1o 37 46 44 41 4•
1.0 34 34 43 50 47 39 46 1o 50 54 47 39
2.0 26 26 31 30 35 30 35 30 39 36 36 31
3.0 23 30 31 29 29 34 43 29 39 39 41 34
4.o 23 25 28 22 18 25 37 21 31 28 30 27
5.0 25 21 18 23 19 27 40 20 24 23 29 26
6.0 27 19 16 15 19 27 39 3. 19 21 23 27

80 0.3 26 26 35 36 25 26 30 26 31 39 32 32

90 0.3 22 34 35 39 32 31 37 32 34 34 35
1.0 35 43 141 146 37 39 146 46 142 14 46 142
2.0 35 38 40 43 34 37 43 41 45 39 36 37
3.0 38 37 39 37 29 35 43 39 43 35 36 39
14.o 41 41 47 43 39 42 49 44 47 4 44 145
5.0 27 22 30 25 16 22 33 24 29 30 30 20
6.0 41 29 39 35 26 33 45 32 30 32 43 40

100 0.3 25 32 30 36 26 30 37 32 36 32 33 36

110 0.3 23 29 28 19 29 28 27 26 26 27 30
1.0 25 ý4 35 37 30 36 32 32 38 33 36 38
2.0 27 38 35 40 31 37 36 35 35 36 38 142 c- ..
3.0 26 31 35 39 31 34 33 32 35 37 38 43
4.0 18 24 29 31 26 24 32 20 25 28 31 3L.
5.0 22 28 3P 35 30 29 38 29 27 30 35 36
6.0 11 20 27 29 16 22 34 22 18 25 29 29

"120 0.3 14 19 22 24 7 23 25 20 23 20 21 26

130 0.3 20 25 27 28 20 22 28 27 28 24 23 29

140 0.3 18 19 21 25 16 17 22 17 22 18 20 212

150 0.3 16 12 16 22 8 16 18 IP 20 13 16 20
1.0 15 U 20 23 10 16 21 3.4 19 10 19 19S2.0 1 12 23 3 11 114 24 16 21 13 a 20
3.0 21 •0 24 31 21 21 28 24 25 22 30 28
14.0 23 PC 214 30 19 20 23 18 22 21 28 214
5.0 23 ~. 26 30 17 22 21 17 22 214 30 29
6.0 17 16 19 26 15 17 16 9 16 22 25 21

160 0.3 15 15 2 24 14 20 23 13 21 15 22 22

170 0.3 10 12 13 18 9 11; 13 8 13 10 18 13

180 0.3 16 19 21 07 17 21 25 16 2, 20 31 20

190 0.3 6 9 31U 16 12 10 15 6 9 10 19- 8

Reading of " l.o_-• •oglt r4-`s-a1ti-< to line-of u-points. Helloog. at -hod wing of -s-r-, --e- faos --

all ueasuramt poluts. 3
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Table 16 (Owlcded)

Daa4 Vi,~c.i, mph, at Indicatea Gross Aircraft Weights, lb,

VDimc Loads oafs and Headings, degS~~~~~HorizontRI. Velocity Point 90 b .•pfi

Distance frc, Height Above 0 30 60 90 1g 0 150 180 210 240 270 300 330

Rotor Hub(s),-f Groimd, ft ft t ka Le S. ei ft& Lea ff LEg 4mg k de

20 0.3 32 48 50 54 40 53 58 50 51 28 36 48

30 0.3 55 61 62 65 65 57 58 65 60 51 53 65
1.0 46 64 71 66 64 59 76 61 62 51 50 65
2.0 58 64 71 66 67 68 71 66 73 63 60 67
3.0 57 66 64 63 59 Gs 67 63 70 60 59 62
4.o 46 50 50 44 43 50 58 50 56 53 52 48
5.0 52 46 45 4o0 39 55 58 4o 55 55 57 49
6.0 52 38 28 30 49 54 58 43 44 55 58 39

4o 0.3 54 61 52 52 53 55 53 55 57 57 51 50

50 0.3 80 88 75 79 6T 82 78 6o 76 84 83 79
1.0 73 74 73 71 7o 75 74 77 74 77 71 75
2.0 60 62 62 58 57 66 64 64 62 68 58 63
3.0 58 56 54 51 52 62 60 64 58 65 63 58
4.o 51 43 45 44 44 56 56 50 56 50 61 43
5.0 46 24 36 43 43 52 58 42 46 49 64 42
6.0 34 17 23 25 -- 35 41 28 32 46 52 24

60 0.3 53 55 51 42 47 45 49 50 59 59 61 55

70 0.3 50 52 50 52 48 50 54 44 52 61 49 so
1.0 54 60 56 55 52 51 55 47 56 62 47 56
2 .0 40 44 44 43 36 43 43 34 46 49 40 44
3.0 43 49 52 49 41 39 47 47 50 56 45 47
4.o 37 39 44 39 -- 39 45 42 40 47 40 35

5.0 32 32 36 38 37 38 49 42 44 48 36 35
6.0 23 26 23 36 32 31 -- 34 42 44 38 31

80 0.3 37 42 40 39 39 34 39 34 42 44 41 36

90 0.3 42 45 47 43 44 39 48 38 49 42 44
1.0 50 59 54 54 52 45 58 48 62 48 57
2.0 48 51 53 50 48 43 57 48 ss 60 45 55
3.0 46 45 50 48 45 45 53 46 51 53 48 52
4.0 51 51 58 57 50 53 58 53 55 56 55 51

5.0 32 33 38 36 37 32 43 33 32 42 35 29
6.o 43 38 48 52 48 41 58 38 47 54 45 4o

100 0.3 37 40 42 44 41 3ý 42 35 41 46 37 4o

110 0.3 34 37 39 39 37 31 34 30 39 44 34 37
1.0 4s 46 47 48 49 37 47 37 48 55 43 47
2.0 47 46 44 52 50 42 56 42 !a 54 45 60
3.0 ke 43 49 49 48 4o 54 41 48 50 44 53
4.0 35 27 45 40 ki 36 52 36 40 44 32 46
5.0 36 41 47 41 42 38 55 40 41 46 36 45
6.0 28 32 40 30 31 27 47 29 31 37 28 32

120 0.3 35 30 36 h2 33 27 35 23 37 38 30 37

130 0.3 35 31 37 40 35 28 35 28 35 39 31 38

140 0.3 29 26 33 32 26 26 29 26 30 34 28 32

150 0.3 24 19 P5 28 20 21 26 22 26 31 28 27

1.0 29 23 31 25 24 31 22 30 35 28 28
2.0 30 32 27 36 29 23 36 25 31 36 23 31
3.0 34 36 34 36 34 30 40 30 37 39 26 32
4.o -0 31 33 36 35 29 38 30 37 40 24 34
5.0 27 28 32 37 35 30 42 31 41 4o 25 32
6.0 22 24 25 33 _2 27 35 25 35 29 21 26

16o t.3 25 24 28 32 23 P2 34 21 30 29 26 28

170 0.3 18 16 20 24 15 16 28 14 25 22 20 18

18o 0.3 28 26 31 33 24 26 37 21 37 29 24 29

190 0.3 12 15 20 21 13 15 24 1o 22 16 12 2D

4y

.. .... .:-.7.X 
-

, I% RV



Table 17
Doiwnvash Velocities. CH-54 Hover Tests 40 ft Above Ground

Helicopter Gross Weight, 28,600, 38,000, end 47,000 lb; Disc Load, 7.02,9.33, end 11.55 psi'; Rotor Heigh~t Above Groun, 4o ft

Dowmwash Velocities, mph, at -Indicated Gross Aircraft WeigShts, ib,
Disc Loads._psf,_an Hedigs, deg*_______

Horizon~tal Velocity Point 23.00l : T
Distancef'rom Height Above 0 30 60 90 120 5 180 20 24o0 270 -300 330jRotor Hub(s). ft Ground, ft ým 4mg AM ka deg ft k t t

20 0.3 -- 36 39 46 43 43 42. 43 35 23 25 47
30 0.3 30 43 48 49 46 46 46 52 50 43 43 52

1.0 29 40 48 50 49 51 48 53 48 43 36 5o2.0 36 43 57 56 52 57 57 55 57 50 48 54
3.0 29 40 51 49 47 55 53 48 55 47 45 494.o 21 27 38 36 36 42 40 41 43 38 36 36
5.0 27 29 36 37 37 46 43 '-6 46 43 40 36
6.0 25 35 41 27 33 49 42 44 40 43 40 30

40 0.3 42 40 42 42 42 46 48 47 53 44 40 42

50 0.3 61 57 57 64 58 62 69 72 72 67 73 631.0 54 51 62 55 57 64 60 6o 67 60 62 552.0 45 38 50 49 49 54 51 49 58 49 53 513.0 46 36 47 49 41 50 48 45 54 48 47 44
4.0 46 32 26 38 31 40 36 38 45 44 42 36
5.0 39 30 23 35 28 41 28 27 36 40 43 306.0 32 24 21 27 19 32 21. 22 21 21 37 22

60 0.3 45 32 41 46 34 41 43 49 57 43 45 42

70 0.3 40 30 42 34 34 38 39 43 44 41 42 381.0 46 27 45 46 35 44 41 44 58 47 46 44
2.0 32 19 31 32 26 34 29 26 46 35 32 32
3.0 33 23 35 30 27, 41 29 30 44 42 39 36
4.0 26 22 30 26 22 34 31 28 39 33 37 28
5.0 22 25 28 25 20 32. 18 27 33 29 41 27
6.0 16 23 23 19 16 25 19 22 23 22 38 21

80 0.3 35 18 34 35 26 32 25 32 34 34 32 31

90 0.3 35 24 38 38 30 39 29 30 47 37 31 3
1.0 45 29 50 42 36 46 4o 42 53 45 41 5o2.0 43 25 43 40 36 45 38 39 48 42 36 433.0 37 25 37 36 38 46 35 36 42 37 34 36
4.0 37 36 43 348 47 53 40 39 52 49 38 40
5.0 19 20 22 14 2 30 27 25 33 28 24 26
6.0 30 30 30 21 42 38 38 33 45 36 4o 38

100 0.3 33 25 37 36 32 35 25 31 35 37 36 33
no1 0.3 26 19 30 29 21 33 27 24 36 33 25 28

1.0 31 21 4o 32 29 38 36 29 41 41 32 38
*12.0 39 27 40 36 36 43 37 35 44 44 34 39

3.0 38 26 37 34 37 44 37 36 41 42 34 39
4.0 28 17 24 26 30 36 29 26 37 34 25 325.0 29 24 27 25 34 4o 31 30 38 37 32 36
6.0 18 17 16 15 31 32 23 18 33 30 26 31

100.3 20 7 26 19 17 28 23 15 29 26 22 22

130 0.3 24 18 30 24 24 31 23 21 26 26 26 26
140 0.3 18 11 27 22 13 23 19 14 22 21 19 25

17) 0.3 12 6 24 23 9 22 A4 13 20 14 17 191.0 14 6 27 20 10 22 13 14 21 16 19 22
2.0 20 7 29 31. 10 g5 19 14 21 19 lB 19
3.0 28 16 32 34 20 31 25 21 28 26 25 27
4.0 28 16 31 24 19 32 20 20 28 26 24 29
5.0 29 18 30 25 22 36 22 22 32 28 28 33
6.0 22 14 26 29 16 32 17 16 25 22 24 27

160 0.3 18 12 28 21 1U 25 18 18 27 18 18 24

1"10 0.3 14 5 19 14 9 16 10 12 17 12 U 18

$180 0.3 a1 14 29 18 12 24 18 19 25 17 22 24

190 0.3 8 3 22 12 2 12 5 10 12 5 14 122

* Ha'ilaiof bollnoptor nose roative to lifte of asme.smt points. N*U*Vter at btain~g of sero ftpes ftess
all msasuwýn points. (Ij olf 3 ashets)

.4,jp Q'* 44
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Table 17 (Continued)

Downash Velocities, mph, at Indicated Gross Aircraft Weights, lb,
Disc Loads. ]sf. and Headings. deg

Horizontal Velocity Point 38. •000 lb; _ __3 psf__
Distance from Height Aove 0 30 60 90 120 150 lec 210 240 270 300 330

Rotor Hub(s), ft Grotmd, ft dg de_ deg deg e d

20 0.3 6 33 52 55 55 45 43 51 47 41 20 15

30 0.3 34 55 63 61 56 51 56 61 61 48 41 48
1.0 33 49 56 62 56 42 56 64 58 48 41 46
2.0 47 60 66 68 62 56 64 68 66 56 43 52
3.0 43 58 62 62 56 57 60 6o 65 55 41 53
4.0 33 48 47 47 42 45 47 47 56 47 37 42
5.0 38 48 49 44 41 50 50 43 58 54 48 47
6.0 38 45 41 35 28 54 47 41 54 52 4o 45

4o 0.3 67 60 52 54 51 53 54 51 58 50 43 52

50 0.3 83 80 79 99 74 C7 74 72 86 82 77 79
1.0 67 75 76 76 66 72 71 71 78 68 63 72
2.0 62 62 63 63 52 58 59 60 69 54 56 63
3.0 58 59 59 57 50 58 53 55 63 54 51 61
4.o 49 46 53 47 38 58 45 49 52 50 48 49
5.0 55 42 48 45 29 60 38 46 46 49 48 51
6o0 32 31 30 27 23 54 34 38 41 46 42 39

60 0.3 60 56 56 57 50 56 55 52 61 56 56 62

70 0.3 51 52 58 51 46 51 50 47 59 51 50 51
1.0 61 55 65 58 49 54 57 55 65 60 62 53
2.0 4o 43 46 45 39 46 39 36 50 41 43 48
3.0 44 44 51 46 51 53 43 39 59 44 43 54
4.o 29 37 38 43 32 49 39 32 51 41 42 48
5.0 29 34 35 44 30 52 40 34 52 43 45 45
6.0 17 25 30 36 27 50 32 21 43 42 46 36

80 0.3 44 42 4o 44 35 44 40 35 51 43 41 43

90 0.3 47 46 49 52 41 49 41 38 58 44 51 47
1.0 62 56 60 64 50 57 47 54 72 57 62 60
2.0 55 50 57 61 49 59 49 49 72 60 55 59
3.0 53 50 55 55 45 58 52 41 64 54 48 53
4.o 53 53 55 62 49 63 58 47 64 57 54 59
5.0 29 35 33 41 32 45 35 28 41 38 43 37
6.0 38 47 43 53 35 58 44 37 52 54 60 46

100 0.3 45 47 44 46 34 46 36 34 49 41 46 49

110 0.3 38 37 40 43 25 43 31 25 43 37 38 45
1.0 44 46 52 51 33 56 37 35 48 44 48 52
2.0 46 58 50 55 43 60 39 4o 60 44 52 49
3.0 45 54 45 51 40 60 4o0 4•0 54 44 48 45
4.0 37 46 39 42 40 52 35 34 46 40 42 41
5.0 38 46 41 44 40 53 35 37 46 4 44 47
6.o 27 37 34 34 33 45 25 28 38 37 37 40

120 0.3 32 4o 41 46 31 46 31 18 45 26 34 38

130 0.3 34 38 38 34 34 43 31 27 39 28 35 36

140 0.3 27 34 36 31 26 41 . 10 •24 19 23 25

150 0.3 25 30 32 27 20 34 18 13 30 26 e4 30
1.0 27 34 34 32 22 39 20 15 33 30 •'6 29
2.0 30 39 41 37 25 t6 26 23 36 35 28 31
3.0 35 43 42 39 32 48 32 29 36 38 32 33
4.0 34 3 41 39 30 48 32 28 38 7 31 36
5.0 35 36 35 42 25 52 '1 26 37 37 31 35
6.o 26 30 3P 35 18 46 P4 22 35 28 26 29

16D 0.3 29 21 32 28 20 32 23 15 36 27 o6 29

170 .3 19 15 20 18 16 27 15 13 26 24 18 22

180 0.3 27 24 34 29 26 34 26 14 35 33 27 30

190 0.3 i 12 20 20 12 1 15 8 27 2% 14 19

.- .. 131 s ~-
_e ~ ~



Table 17 (Concluded)

Dowmmsh Velocities, mph, at Indicated Gross Aircraft Weights, lb,

Disc Loads. Daf. and Headints. deg

Horizontal Vel'oity Point iaooi:3155 oT~a
Distance fran Height Above 0 30 60 90 120 150 1t0 210 240 270 300 330

ft. ~~~~Rotor Hub (a). t~ Ground, ft ~ dg 4 ~ dg 4 e ~ dg 4 ~I
20 0.3 30 46 48 66 57 60 55 68 38 54 41 23

30 0.3 48 62 74 62 68 66 56 68 54 67 62 45
1.0 46 59 62 70 60 59 60 61 55 64 60 49
2.0 51 70 70 74 67 60 64 72 64 72 66 57
3.0 46 60 64 60 58 53 59 66 60 67 64 62
4.0 34 44 51 47 38 38 45 47 53 54 51 51
5.0 39 4o 49 39 30 42 49 47 59 59 55 45
6.0 41 45 42 22 22 32 44 42 51 52 42 42

40 0.3 47 54 56 52 51 49 48 51 53 58 58 49

50 0.3 70 83 87 E'. 62 "3 70 7. 87 79 84 76
1.0 58 73 79 66 59 67 63 72 76 71 75 60
2.0 52 58 61 58 50 53 54 57 62 59 65 54
3-0 51 52 59 58 51 49 53 53 58 57 60 49
4.0 47 41 41 44 40 42 48 5o 5o 1 48 47
5.0 45 39 33 34 33 35 45 45 44 53 45 48
6.0 33 28 18 20 23 31 30 31 34 41 34 37

60 0.3 51 48 56 49 40 54 48 58 56 50 57 46

70 0.3 49 42 47 49 43 49 49 53 54 50 51 43
1.0 51 49 49 49 46 53 54 65 56 59 6. 49
2.0 37 38 36 43 32 39 39 43 40 42 44 37
3.0 41 37 35 46 30 4o 39 48 42 49 53 39
4.o 34 25 29 37 ?6 34 32 37 35 42 47 33
5.0 37 21 30 33 25 31 35 38 35 49 48 31
6.0 38 25 26 30 20 28 35 35 27 45 40 28

80 0.3 42 41 40 40 36 40 4o 42 40 41 41 34

90 0.3 36 49 46 39 4o 42 54 42 42 4s 52 401.0 49 56 54 50 45 52 39 47 48 56 56 47
2.0 47 53 50 49 42 52 39 51 52 53 50 43
3.0 46 49 44 48 44 49 32 44 48 51 48 39
4.0 52 51 43 51 49 50 35 54 52 57 59 46
5.0 38 29 28 33 29 34 31 33 38 39 4o 26
6.0 42 39 38 45 40 44 42 43 44 53 57 34

100 0.3 31 43 41 43 38 38 49 48 35 39 47 30

.110 0.3 5 20 35 29 25 32 47 38 35 39 42 32
1.0 14 32 U1 41 38 44 43 49 46 49 55 38
2.0 22 35 41 46 39 48 43 53 50 56 51 41
3.0 25 29 39 46 38 44 48 46 50 49 44 41
4.o 23 19 32 39 29 37 31 41 39 41 U1 33
5.0 29 24 35 41 33 38 42 36 39 41 45 35
6.0 26 16 31 37 25 30 40 30 30 31 38 25

120 0.3 16 25 33 21 22 20 34 23 41 33 34 28
130 0.3 -- 8 25 23 -- 12 32 24 41 31 40 32

140 0.3 .. .. . 2 -- 8 28 2 29 20 35 23

150 0.3 .. .. .. .. . .-- 7 -- 13 9 30 14
1.0 19 -- 17 18 37 14
2.0 - - - - - - 2 - 21 20 41 14
3.0 .123 6 22 22 43 21
4.0 .. .. 13 21 .. . . 2 4 21 22 41 22
5.0 .. .. 18 10 .. .. 36 4 2 4 45 26.0o. . 15 8 .. . 36 4 18 21 3 22

160 0.3 .. . . ..-- -- .. -- 14 6 22 18

• 170 0.3 .. . . . . . . . . . 2 11

(3 of 3 ab,.)
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Table 18

Downwash Velocities. CH-54 Hover Teats 80 ft Above Ground
Helicopter Gross Weight, 27,400, 38,A00, and 45,000 lb; Disc Load, 6.73,

9.33, and U.05 psf; Rotor Height Above Ground, 80 ft

Downwash Velocities, mph, at Indicated Gross Aircraft Weights, lb 3
Dime Loads, Daf. rnd HeadingsI deg!

7Horizontal Velocity Poit__2__lb;__.7___s
Distance from Height Above 30 60 90 120 150 1a0 210 240 270 300 330

Rotor Hub(s), ft Ground, ft deg de ee

20 0.3 39 44 44 44 41 34 31 41 19 33 20 36

30 0.3 46 39 43 47 43 37 4o 45 43 44 35 48
1.0 45 39 45 47 44 39 41 48 40 41 34 46
2.0 48 45 248 52 48 50 48 52 49 248 242 52
3.0 42 37 42 46 43 49 47 51 49 45 43 51
24.0 31 31 30 33 31 38 38 41 38 36 32 38
5.0 29 39 27 35 33 45 43 45 42 42 50 39
6.0 23 26 23 30 28 43 '42 45 37 37 36 32

40 0.3 46 33 37 43 41 43 42 43 46 44 39 40

50 0.3 72 49 60 72 62 "63 70 65 74 66 60 64
1.0 56 246 50 59 58 57 59 61 69 61 52 624
2.0 45 37 39 51 k7 53 45 53 33 50 45 54
3.0 35 37 37 47 46 49 46 49 51 48 48 52
24.0 24 36 30 41 24o 41 43 46 43 39 43 42
5.0 18 40 25 34 36 43 44 50 36 35 43 37
6.0 13 34 19 18 27 36 38 4o 25 28 31 27

60 0.3 41 33 38 45 424 42 43 45 47 47 39 45

70 0.3 38 32 36 41 43 46 40 43 47 45 37 41
1.0 41 35 43 48 52 51 45 49 50 49 40 43
2.0 28 25 29 36 34 33 32 35 39 32 30 35
3.0 28 26 29 39 37 33 32 37 39 36 25 41
4.o 21. 24 25 31 32 28 25 31 30 31 28 35
5.0 21 26 26 24 33 28 27 37 28 26 30 35
6.0 16 27 22 17 30 27 24 38 27 21 27 32

80 0.3 27 26 28 31 32 41 32 36 36 35 29 22

90 0.3 41 25 29 35 32 32 32 39 34 40 34 30
1.0 48 35 41 42 38 43 42 51 245 245 246 4o
2.0 110 34 36 242 241 243 39 48 40 37 40 324
3.0 35 33 31 39 42 44 39 44 37 40 36 32
4.0 37 40 35 39 51 49 244 48 41 45 33 42
5.0 20 29 20 26 29 29 27 30 26 27 23 25
6.o 28 36 31 36 40 34 40 43 38 36 37 324

100 0.3 36 25 33 33 30 31 31 35 28 40 34 31

no 0.3 28 224 27 26 A2 29 26 33 23 31 26 27
1.0 38 31 38 36 32 40 31 41 34 40 37 37
2.0 39 35 42 35 35 416 33 39 34 40 41 39
3.0 36 34 34 34 40 47 31 38 29 37 43 34
24.0 27 23 22 25 34 40 22 28 17 27 36 24
5.0 30 28 27 28 36 10 28 32 224 31 37 28
6.0 18 16 18 26 31 28 21 25 20 16 30 19

120 0.3 26 23 25 20 20 29 19 28 19 29 22 20

130 0.3 29 25 26 26 29 28 21 31 23 35 26 28

140 0.3 26 16 21 22 22 20 18 27 19 21 19 22

150 0.3 18 7 17 18 15 15 15 20 15 17 13 17
1.0 22 8 18 19 18 17 14 21 17 17 17 13
2.0 26 8 21 19 19 22 19 27 19 16 15 20
3.0 30 19 27 23 24 31 26 34 28 20 21 26
4.o 27 13 25 19 23 28 24 31 24 18 20 27
5.0 30 17 28 21 2 30 23 35 21 21 21 30
6.0 23 13 22 15 24 22 16 30 17 16 18 24

160 0.3 17 11 23 2a 17 20 20 20 18 18 19 21

170 0.3 9 9 15 15 12 13 10 12 12 12 12 14

180 0.3 17 17 24 19 20 20 19 20 21 17 20 23

190 0.3 6 6 12 11 8 10 8 6 10 8 6 11
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Table 18 (Continued)

Downwash Velocities, mph, at Indicated Gross Aircraft Weights, lb,

Disc Loads. nsf. and Headings, deg

Horizontal Velocity Point _8a000 lb:• Lef
Distance from Height Above 0 30 60 90 120 150 180 210 240 270 300 330

Rotor Hub s), ft Ground, ft im ft deg 4a 4 fi f

20 0.3 15 24 53 56 51 46 37 43 16 40 34 11

30 0.3 37 48 66 59 53 49 45 55 38 49 4.3 38
1.0 35 44 57 60 53 51 46 59 40 48 41 37
2.0 48 53 66 61 64 62 54 64 48 55 49 45
3.0 41 52 61 58 60 63 55 55 52 56 46 45
4.o 34 44 42 40 46 50 47 W1 42 51 41 34
5.0 40 45 41 42 46 53 51 46 47 53 46 40
6.0 42 41 32 34• 48 50 50 48• 48 50 3 42

4o 0.3 46 53 57 50 49 44 48 52 48 47 51 47

50 0.3 83 82 75 76 68 70 78 71 83 81 79 88
1.0 68 72 67 70 68 64 69 71 72 i1 67 66
2.0 57 61 61 57 58 58 63 61 61 62 58 60
3.0 50 56 58 57 54. 58 59 52 56 62 58 60
4.o 48 50 46 48 45 50 51 42 46 54 53 53
5.0 54 47 39 40 46 50 51 40 48 58 54 52
6.0 42 34 28 29 35 42 42 38 39 48 38 38

60 0.3 59 52 51 51 47 52 53 53 65 63 54 50

70 0.3 55 48 51 50 43 48 44 49 51 57 51 50
1.0 68 60 56 54 51 54 52 52 57 66 54 55
2.0 48 42 44 40 35 42 38 40 43 46 38 45
3.0 52 43 47 43 43 49 45 49 48 53 41 46
4.c 42 38 38 34 34 45 46 45 38 43 37 41
5.0 40 41 32 35 38 46 42 44 38 42 39 34
6.0 36 38 22 32 33 44 36 43 34 34 34 27

80 0.3 50 We 4o 4o 32 40 41 40 45 51 42 39

90 0.3 55 46 47 44 5o 45 47 46 56 54 48 44
1.0 67 54 56 56 58 55 57 52 69 63 55 54
2.0 60 52 53 52 56 55 58 51 59 59 54 53
3.0 51 49 48 49 48 52 51 51 53 52 54 44
4.0 57 50 52 57 53 60 55 58 53 57 56 51
5.0 42 35 30 36 36 43 39 41 32 41 35 36
6.0 48 43 36 51 45 54 49 45 43 55 48 49

100 0.3 47 39 45 46 43 49 44 4i 48 53 42 38

110 0.3 44 36 39 U1 36 47 42 34 47 46 39 35
1.0 52 40 50 50 45 56 54 44 55 55 51 47
2.0 51 40 51 52 50 57 52 47 60 55 52 47
3.0 46 42 51 49 47 54 50 48 51 51 53 45

4.o 38 37 42 39 4o 47 41 39 48 44 47 42
5.0 40 42 43 40 40 48 43 41 43 48 44 42
6.0 38 34 35 31 34 42 36 35 43 42 34 33

120 0.3 39 27 38 38 32 48 39 32 43 38 38 34

130 0.3 39 29 43 40 35 45 36 34 34 42 37 34

140 0.3 25 18 32 31 21 33 25 1 29 31 26 25

150 0.3 25 20 37 33 24 32 25 24 32 30 26 26
1.0 27 24 20 37 27 36 31. 24 36 31 30 30
2.0 32 27 40 34 32 39 36 26 36 36 36 28
"3.0 36 32 37 33 38 41 40 22 37 38 39 30
4.o 33 32 33 28 39 38 41 34 36 41 41 29
5.0 34 34 33 29 42 42 44 36 36 43 43 30
6.0 26 24 27 22 33 33 34 31 30 33 37 26

160 0.3 27 23 15 32 34 32 30 25 30 31 30 29

170 0.3 19 16 23 21. 21 24 20 18 21 25 25 20

180 0.3 29 26 36 27 28 32 30 27 31 38 28 26

190 0.3 20 16 22 14 18 21 19 18 2a 28 18 16

(9of 3 shsta)
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Table 18 (Concluded)t

Downwash Velocities, mph, at Indicated Gross A creraft Weights, b,
Disc Loads. psfl and He-adings. de-Forizontal Velocity Point 45000 ib: 11.05 nsfDistance ftrom ej't Above 0 30 60 90 120 150 180 210 240 270 300 330

Rotor Hub(s). ft flrotmd. ft ftg de deg ka ft det dE g dg ft ft dt e ft
20 0.3 9 26 57 56 58 55 58 -- 58 64 58 43
:1o 0.3 37 43 54 54 50 52 55 -- 51 61 57 491.0 36 38 56 50 54 58 58 -- 54 65 58 482.0 140 45 59 57 60 54 56 57 66 53 49S36 44 52 51 54 46 60 146 58 49 51

4.0 26 36 33 33 37 35 49 -- 28 37 34 385.0 34 43 25 30 36 34 48 -- 29 37 34 39
6.0 31 b7 20 21 26 32 43 -- 16 28 32 36

- 0.3 4 4 7 46 42 46 49 45 -- 42 51 52 44
50 '-3 66 66 62 62 63 62 64 -- 50 68 74 721.0 •5 60 6o 55 56 61 Q3 -- 54 62 62 602.0 4) 46 48 45 48 50 52 -- 47 51 46 503.0 52 1,o 38 45 50. 46 55 -- 43 51 39 494.0 48 47 33 38 36 36 46 -- 36 47 27 34

'..0 "A 50 29 29 31 32 42 -- 32 44 22 326.0 36 143 22 21 22 27 36 -- 20 27 15 25

60 0.3 51 50 41 42 41 40 43 -- 43 50 51 47

70 0.3 48 145 37 42 34 4 O -- 144 47 30 371.0 49 53 41 4, 141 43 46 -- 46 52 42 362.0 35 35 30 30 29 34 34 -- 32 36 32 32
3.0 37 40 30 30 31 31 39 -- 30 39 33 334.o 33 37 27 29 27 24 36 -- 26 32 26 255.0 33 40 29 29 28 20 28 -- 29 33 27 236.0 27 40 25 23 28 25 28 -- 27 27 23 23

80 0.3 36 36 27 33 29 33 31 -- 33 40 31 27

90 0.3 41 141 18 37 35 33 39 -- 34 45 33 301.0 52 48 38 45 44 43 45 -- 40 66 44 392.0 42 41 37 43 43 38 45 -- 37 50 4O 373.0 38 41 38 42 43 38 49 -- 39 44 40 364.o 41 148 43 49 49 42 57 -- 45 50 47 435.0 26 34 27 31 32 21 38 -- 26 33 26 246.0 31 51 37 39 42 30 46 -- 35 44 37 33

100 0.3 42 41 6 36 35 31 36 -- 28 39 24 30

130 0.3 42 34 -- 26 25 22 22 .. 18 30 -- 261.0 52 141 6 39 39 33 37 -- 27 38 13 38
2.0 51 46 11 42 42 35 42 -- 30 40 15 34
3.0 44 41 15 4o 4o 32 45 -- 27 41 15 334.0 35 37 12 32 35 23 42 -- 18 34 15 265.0 37 37 20 35 35 24 46 -- 25 38 25 276.o 30 34 11 28 95 18 42 15 30 21 18

120 0.3 32 28 -- 22 3 -- 15 .-- 7
130 0.3 26 30 -- 9 6 .. .. .. .. .. .. 9
140 0.3 12 15 .. .. .. . .- -- . ..--

150 0.3 9 9 .. .. .. .. .. .. .. . . . .
1.0 114 14 - - - - - . -2.0 12 13 .. .. .. .. .. .. .. .. .. ..3.0 12 12 .. .. .. .. .. .. .. .. .. ..

(3 of 3 ghosts)
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Table 19

Dmawvash Velocities. CH-5I4 Fly-By Tests

Helicopter Gross Weight, V7,100, 38,000, and 115,000 1b; Disc Load, 6.73,
9.33, and 11.05 pof; Rotor Height Above Ground, 28 ft

Dovrwash Velocities, mph, at Indicated Gross Aircraft Weight, 1b,
Disc Loads..paf. and Headin s. dea*

Horizontal Velocity Point 2 40 b; 6.73 _psf 395550 -1b F9.33- oaf 45.00 lb*. %05 pof

Distance from Height Above 90 270 90 270 90 270

Rotor Hub(s), ft Ground. td,4

20 0.3 116 37 23 39 311 411

300.3 45s 42 50 55 60 118
301.0 4013 117 55 65 51

2.0 511 50 511 58 67 60

3.0 119 118 511 56 52 58

11.o 37 39 112 115 31 113

5.0 37 113 115 118 28 118
4ýO32 14o 45 115 57 117

110 0.3 112 112 50 52 5o 51

50 0.3 58 541 79 76 711 71
1.0 57 52 72 72 611 69

2.0 117 118 6L 61L 58 60

3.0 115 119 60 56 56 58

11.0 110 414 51 50 113 118

5.0 35 112 115 112 32 115
6.o 26 35 37 29 22 110

60 0.3 113 111 57 59 113 53

70 0.3 113 39 52 51 116 417
1.0 144 115 62 52 414 52

2.0 32 32 116 35 33 37
3 .0 37 341 50 110 38 119

11.0 33 26 142 32 341 44

5.0 30 25 38 32 35 38
6.0 23 25 27 29 36 31

80 0.3 35 30 110 371 33 --

90 0.3 33 28 45~ 38 42 113
1.0 113 37 56 51 50 53
2.0 111 36 52 116 113 52
3.0 110 36 119 413 39 55
41.0 44 113 52 48 144 60
5.0 33 30 32 31 29 39

6.0 144 39 116 1414 146 411

100 0.3 33 30 413 38 35 411

no1 0.3 31 3.38 32 31 39
1.0 39 44 19 39 37 511
2.0 41 146 52 140 37 59
3.0 39145 51142 36 53

41.0 30 36 45, 311 30 113

5.0 311 35 413 38 314 113
6.0 31 33. 35 31 27 37

120 0.3 27 27 413 29 19 35

130 0330 30 38 29 211 311

1140 0.3 25 211 25 22 111 29

150 0.3 22 16 30 21 -- 21
1.0 23 17 33 30 25

2.0 26 22 36 30 2
3 .0 30 31 38 3214 3
11.0 28 30 38 30 12 32
5.0 0 30 142 30 141 37
6.o 22 21 341 22 11 31

160 0.3 26 12 35 23 -- 26

170 0.3 18 9 25 141- 15

180 0.3 24117 32 25 -- 19

190 0.3 16 7 21 12- -

HIeading at be]licopter nose relative to lIne of soaum-mat points. Holicopter at heading of zero deoeea Maet

allneawrmant points.
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